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Abstract—Data warehouse (DW) integrates data from external 
and internal sources not only for storage purposes but also for 
analythical query processing. As this information is to be used for 
business intelligent, it makes the design of DW difficult task. 
Requirements analysis is the foundation for the development of a 
DW. Ensuring quality in requirements analysis is an importance 
task to minimize the risk of failure in a  DW project. However, 
quality issues in DW requirements analysis have not given much 
attention in the literature. In this paper we have advocated the 
integration of quality and multi-driven approach (goal-driven, 
user-driven, data-driven, process-driven and external-driven) as 
an explicit stage in the DW development to reduce failure risk of 
DW. 

Keywords—requirements analysis, data quality, quality 
integration.  

I. INTRODUCTION 
The data warehouse (DW) is a special database with many 

years of historical information to satisfy decision making 
request [10]. This historical information’s are built based on a 
large amount of data collected from heterogeneous sources 
into a multi-dimensional model in order to facilitate repository 
and trend analysis.  

The first stage of DW development deals with the 
requirements analysis. Requirements analysis for DW 
represents collections of relevant information for decision 
making process [11]. The user needs or the actual availability 
of data are major sorces of requirements analysis. 

Successful DW needs to be based upon good requirements 
analysis. A good quality DW can be triggered by a good 
quality of requirements analysis. Unfortunately, requirement 
analysis is often unclear and uncertain because of changing the 
requirements can be happened even in the short-term [6] to 
accommodate the fast evolution of the business conditions. 
Consequently, poor requirements analysis has been found to 
be a major failure of many software projects (including DW) 
[27]. 

Due to the strategic importance of DWs, quality should be 
incorporated from the requirements analysis stage [24]. The 
lack of quality incorporation in requirements analysis has a 
major impact on the DW success [25]. 

This paper is extended concept of IRADAH method [15, 
16], in order to incorporate quality into the requirements phase 
in DW development. Multi-driven is our approach which 
integrates five approaches: goal-driven, user-driven, data-
driven, process-driven, and external-driven. Besides satisfies 
user expectations, quality integration issues in the early stage 
of DW development is also incorporated to minimize the risk 
of failure in DW projects. 

The paper is organized as follows. In the next section, 
related works is discussed. Section 3 proposes the framework 
to incorporate quality into the requirements analysis of DW 
design. Section 4 explains the interpretation of proposed 
framework in a real case study. And finally, we conclude in 
the last section. 

II. RELATED WORKS 
Ensuring quality is an important task to perform in a DW 

and should be done from the early stage of DW development. 
Quality of conceptual, logical, and physical have been done by 
many authors. However, to the best of our knowledge there is 
no significant work at requirements level can be seen in the 
DW literature.  

Information scenario is presented by [22] to identify the 
DW requirements using a Goal-Decision-Information (GDI) 
diagram. However the authors did not explain the correlation 
between information scenarios and requirements. 

Authors of [25] proposed an interesting approach denoted 
easyREMOTEDWH (easy Requirements Modeling Technique 
for Data Warehouses) to represent business objectives and 
needs from different stakeholders’ perspectives. 
Unfortunately, there are no guidelines or any notation to 
properly specify the DW requirements.. 

A different approach is proposed by [3] that uses SOM 
(Semantic Object Model) to exploit the business process 
model for the DW requirements analysis. Focus of this 
approach is on the subject of the monitoring without 
explanation why monitoring is required.  

According to [5], DW requirements can be obtained by 
exploting the requirements of business process and strategic 
decision process. DW models can be produced by combining 
DW requirements and as-is data model. New requiremets can 
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be elicited whenever the model is obtained. The study of [9] 
indicates that detailed business process analysis is not always 
feasible. Therefore it is not good to start requirements analysis 
with detailed analysis of business process 

Our proposed frameworks mainly focus on integrating 
quality into the requirements analysis in designing a DW. 
Quality can be reached by puts together (data, goal, user, 
process, and external factor)-driven in this framework. 
Therefore any changing in requirements can be detected 
earlier. 

III. PROPOSED FRAMEWORK 

A. Requirements Analysis for Data Warehouse Development 
Data warehouse is a complex system consisted of several 

sub systems and processes between them. A framework 
provides guidance to the designers of DW by linking the main 
components of DW architecture to a model of DQ that will be 
integrated. At the requirements analysis, the information 
needed to be maintained in the DW is discovered. The next 
phase, that is the conceptual design, can be said as abstraction 
of the users’ request to some information structures, which act 
as the bridge connecting the real world and the machine world.  

Requirements analysis is an important phase within DW 
project to minimize the risk of failure. Requirements analysis 
is the foundation for all project activities and influence most 
life cycle choices [13]. Nevertheless requirements analysis for 
DWs is often neglected and has not been paid attention [24; 
31]. On average, requirements analysis failed in addressing the 
required information in DW development. Consequently, has a 
major impact on the success of DW project [25]. 

The requirements analysis for DWs is different than those 
which apply to other types of information systems. The 
approaches adapted for requirements analysis for DW 
development are (a) interview (b) workshop (c) prototyping 
(d) scenarios (e) subject area [7; 33]. There are several 
approaches how to determine the requirements for the 
development of DW.  

1) The data-driven (also called supply-driven) approach [34; 
35] is a bottom-up technique that based on exploration of 
the data sources in order to identify all the available data. 
Specifically, data-driven approach tries to construct DW 
based only on actual data in operational system and 
disregarding business goals and user needs. Organization 
needs are not identified, or are identified only partly.  

2) The process-driven approach identifies the most important 
business process that requires measurement and control 
[3;12] and then aligns them with corporate strategies. A 
DW is designed based on a set of relevant business 
subjects [3] and each of these subjects centers around a 
business process.  

3) The goal-driven approach is typically top-down. It 
stresses on the alignment of DW with corporate strategy 
and business objectives [6] by interviewing the top-
management. Different visions are then analyzed and 
merged in order to obtain a consistent picture and finally 
translated into quantifiable KPIs.  

4) The user-driven approach is bottom-up technique that  
underline the involvement of end users in DW [36;13] to 
determine required information from different business 
users. Their opinions are then combined and made 
consistent in order to obtain a unique set of 
multidimensionl schemata. 

5) The external-driven approach  is the need for handling the 
pressure to comply with governmental regulations (such 
as bank central regulation for banking industry) and 
others external pressure (such as regulation for public 
listed company) which require a real-time disclosure 
about business operations [4]. This approach is typically 
top-down and the main reason behind the current growth 
rate of such DW initiatives. 

More than one approach must be put to work to obtain a 
data model in avoidance the drawbacks of the single 
approaches, which reflects the analytical needs of an 
organization in a precise and appropriate way [2]. It also can 
be said that all of these approaches are complementary and 
should be used in parallel to achieve optimal design [29; 35]. 
We hereby describe a multi-driven and integrated 
methodology for developing DW model, which can be 
illustrated in Figure 1.  

In summary, the strengths and weaknesses of requirements 
analysis techniques can be seen in Table I. 

TABLE I.  THE STRENGHTS AND WEAKNESSES OF REQUIREMENTS 
ANALYSIS TECHNIQUES IN DATA WAREHUSE DEVELOPMENT 

Requirements 
Analysis Strenghts Weaknesses 

User-driven • Involvement of end 
users is essentials 
in DW projects to 
ensure the 
successful use of 
DW [2] 

• Unclear of users’ 
understanding of DW, 
business strategies or 
organizational processes, 
make the degree of 
obsolescence of resulting 
schemata is high [2] 

• It takes time expensive to 
achieve concensus on 
requirements with many 
different point of view 
[2;1] 

Data-driven • The fastest way to 
define a DW model 
[2] 

• Simpler [32] 
• Very stable  [32] 

• Such models perhaps do 
not reflect all of the facts 
that are needed in 
analysis business goals 
[2] 

• User involvement is 
limited [32] 

• Multidimensional 
schemata produced could 
not match with user 
requirements if 
information is not 
actually present in the 
data source [32] 
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Requirements 

Analysis Strenghts Weaknesses 

Goal-driven • Correct 
identification of the 
relefant indicators 
can be obtained 
[2;1] 

• Very dependable to the 
participation of top 
management in 
requirements analysis 
process [1] 

• Need high capable staff 
in translation process 
from the collected high 
level requirements into 
quantifiable KPIs [2;1] 

• It is hard to predict the 
needs of all senior 
managements [2] 

Process-driven • Essential business 
processes and 
indicators to 
measure these 
processes are 
identified [2;3] 

• Close to the need 
of business and 
adaptive with the 
business 
environment [30] 

• The model reflect 
business processes not 
process of decision 
making [2] 

External-driven • Comply with 
governmental 
regulations or 
others external 
pressure require a 
disclosure about 
business operations 
[4]   

• Sometimes external data 
is needed to generate 
required information 

 

Main focus in requirements analysis for DW development 
is subject area. Subject area is the highest level of data model 
in a DW. Policies, procedures, and rules can be included into 
the subject area to gain the detail information taxonomy of a 
DW [1]. Detail explanation about Figure 1 can be read in [16] 

B. Data Quality Dimensions in Requirements Analysis 
In DW systems, requirements analysis forms the basis for 

DW design. The quality of DW depends on the quality of 
requirements gathered. It is essential to assure the quality of 
the DW as it became the main tool for strategic decisions. 
Besides understanding the business context, quality 
consideration is very much needed in the system being 
developed. The best time to begin integrating quality is before 
the DW is first developed [26], by determining the important 
data quality (DQ) dimensions [28]. Various DQ dimensions 
that should be taken into account in requirements analysis can 
be seen in Table II. 

C. Quality-Based Framework for Requirements Analysis 
The development of DWs is particularly complex. It needs 

many phases to develop a DW. DQ issues can arise at any 
stage of data warehousing. All these phases of data 
warehousing are responsible for DQ issues in the DW. 
Therefore the need a framework is essential in order to 
guarantee the DQ continuous improvement in the whole DW 
phase. 

 

Figure 1.  Requirements Analysis for Data Warehouse Development 

. Effective business decision-making depends on good DQ, 
and poor DQ can be costly and sometimes disastrous [14]. A 
key factor in the success of DW is the quality of the data 
provided [13]. Organizations therefore need to understand DQ 
and establish procedures to asssure the DQ in DWs from the 
early process. 

In a DW context, there are classification in requirements:  
functional and non-functional. Functional requirements deal 
with what data to be stored, while non-functional requirements 
specify how to provide information to facilitate reporting and 
analysis in a correct manner. Functional requirements can be: 
data-driven, goal-driven, user-driven, and external-driven, 
while process-driven can be non-functional requirements. 

A scenario based design method is very useful to 
determine what functionalities are required for the system [8]. 
Scenarios can be used to systematically derive all the 
requirements. Varied situations can be easily exemplified 
using scenarios. Also, implementation of the DW becomes 
easier due to the clear structure of scenarios.  

Decision in adoption between goal-driven and user-driven 
may become unclear. The goal-driven is top down, while the 
user-driven is bottom up. Progressive refinement is necessary 
in goal-driven based on the goals appointed bya the excutives. 
While in the user-driven, combining the closer requirements is 
needed to gain the requirements from the business-users’ 
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perspectives. Unclear understanding about strategy and goals 
of organization will give a different result between goal-driven 
and user-driven approach.  

TABLE II.  DATA QUALITY DIMENSIONS IN REQUIREMENTS ANALYSIS 
[17] 

 

The Semantic Object Model (SOM) is a comprehensive 
and integrated methodology for business engineering [3]. It 
supports sound modeling of business systems and can be used 
for analysis and design.  

Anticipation to the fast evolution within the related industry 
is the key strategy to win the competition. Sustainability of an 

organization depends on the ability of an organization to 
strengthen their competitive advantage [21]. Porter’s five 
competitive forces [20] were selected because both academia 
and industry leaders worldwide accepted this tool. 

The summary of framework for requirements analysis in 
DW design which incorporate quality can be seen in Table III. 

D. Deliverables in Requirements Analysis 
1) Fact 

The cornerstone of DW development is the 
multidimensional modeling. A multidimensional model 
consist of facts and dimensions. Facts are central to DW. 
Analyzing user requirements implies identification of facts by 
perceiving the metrics behind user demands [7]. Facts are 
groupings of analysis indicators or measures in business 
process.  

2) Preliminary Workload 
The most important parts of the DW development is ETL 

processes [20] because they are responsible of integrating data 
from heterogeneous data sources into the DW repository. 
Besides time consuming, designing ETL processes is 
verymuch complex and costly [23]. UML behavior diagram 
(specifically activity diagram) can be used to show the 
activities involved in ETL processes together with the DW 
conceptual schema [18]. 

IV. PRACTICAL EVIDENCE 
IRADAH method was applied to a students’ admission 

project in a private university. During this process, scenario 
based design method was be used to derived all requirements. 
Varied situations can be easily exemplified using scenarios. 
Also, implementation of the DW becomes easier due to the 
clear structure of scenarios. 

The external-driven determines information sources 
influencing students’ admission and reward effect to attract 
the students candidate. The user-driven identifies the proper 
media for advertising and the actual availability of data to 
support this decision such as campaign events and its budget 
estimation. The goal-driven emphasis on the alignment 
between the DW and university strategy and its business 
objectives. In students’ admission, the main goal is finding the 
best strategy to increase students intake with the proper 
budget. The data-driven exploits the students’ admission data 
to generate information based on desired KPIs (Key 
Performance Indicators). But there is a risk of generating 
information by using computation if the data is not actually 
present or when the desired KPIs are not directly available. 
The process-driven identifies the students’ admission process 
which is often cross-functional in the university. Gathering 
information related to admission process from different 
sources, monitoring this process, and aligning them with 
university strategies and high-level goals is a major issue for 
decision makers. Finally, the DFM can be adopted as a 
conceptual model enabled us to get dimensional fact model for 
students’ admission as depicted in figure 2. 
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TABLE III.  QUALITY-BASED FRAMEWORK FOR REQUIREMENTS ANALYSIS IN DATAWAREHOUSE DEVELOPMENT 

 

 

Figure 2.  Dimensional Fact Model for Students Admission 
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V. CONCLUSIONS 
The proposed extension in the IRADAH method has been 

used to provide an approach for integrating data quality and 
multi-driven approach (goal-driven, user-driven, data-driven, 
process-driven, and external-driven) into the requirements 
analysis in DW development. This study establishes the need 
to ensure that quality aspects should be incorporated properly 
at the requirements level in the DW development in order to 
minimize risk of DW project failure. Based on the case study 
in students’ admission, it indicates the importance of this 
framework in designing a DW. Unfortunately, this study is 
only limited to one case study. We need to test this model in 
several companies, with different area of businessess. 
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